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i. Tile of the Invention 
iiOW POWER IMAGING APPARATUS 
2* What is claimed is: 

A low power imaging apparatus including a solid-state imaging device used for imaging 
an object and being able to convert an optical image thus produced to electric signals; 
a drive means for providing a drive signal for inducing said solid-state imaging 
device to transmit out the electric signals; a buffer means of at least current 
anplification of the signals produced by said solid-state imaging device;. a signal 
transmission cable for carrying signals produced by. said buffer means; and a signal 
processing means, for signal processing of the signals carried by the signal 
transmission cable to produce video signals for image display on a monitor, said 
Imaging apparatus characterized in that: 

there is provided a power reduction means for reducing the power consvrraptlon of said 
buffer means during a period of signal non-readout wherein no signals is transmitted 
out from said solid-state imaging device, while the signals are transmitted therefrom 
diaring a period of signal readout. 

3 . Detailed Description of the Invention 
[Field of Industrial Application] 

The present invention relates to a low power imaging apparatus wherein the power 
consumption of an imaging means is reduced during a period wherein no signal readout 
takes place. 
[Prior Art] 

Various tyF>es of an imaging apparatus using a solid-state imiaglng device, "such 
as CCD (charge-coupled device), have been proposed these* days. Also proposed are 
various types of endoscope system as a special imaging apparatus using the 
aforementioned solid-state imaging device. It is known that a CCD in such, an 
endoscope Is exposed to radiation either through a color filter provided integrally 
with or separately from the CCD, or by sequentially switching three different light 
sovurces (red, green, and blue) . The detailed procedures of these methods will be 
found in for instance Japanese Laid-ppen Patent No. 51-65962 in 1976and Japanese 
•Iiaid-<)pen -Patent. -No *-55-54^933-in- 1-980-. 

For transmission of output signals and moiantings around the solid-state imaging 
device ±n these apparatuses, detailed description will be found In for Instance 
Japanese Laid-open Utility Model T^pllcatlon Publication No. 57-19122 In 1982 and 
Japanese Laid-open Patent No. 61-61588 in 1986 by the app;Llcants of the present 
invention. 

FIG. 15 shows a prior art electronic endoscope system 1 similar to the one 
disclosed in for instance Japanese Laid-Open. Patent No. 51-65962 in 1976. 

The electronic endoscope system 1 comprises an electronic scope 2; a video 
processor 5 (also referred as system body) having theirein a light source section 



- 6 - 



3 for sxipplying illumination light to the electronic scope 2 and a signal processing 
section 4 for signal processing relative to an imaging means of the electronic scope 
2; and a color monitor 6 for displaying standard video signals produced and processed 
by the signal processing section 4* 

The aforementioned electronic scope 2 has an elongate insertion section 7 having 
an increased diameter operation section 8 defined at its read end. A light guide 
9 for transmitting the illumination light is extended through the insertion section 
7. The supply of the illumination light from the light so\xrce section 3 is achieved 
by attaching an end portion of the light guide 9 extended out from the operation 
• section 8 to the light source section 3. 

To be more specific, white light emitted from a lairp 11 is collected, by a lens 
12, and passed through a rotation filter 14 rotated by a motor 13. The rotation 
filter 14 is circumf erentially provided with color transmission filters 15R, 15G, 
and 15B for transmitting light of each wavelength of red (R) , green (G) , and blue 
(B) , respectively. The color transmission filters are sequentially interposed in 
•the optical path; thereby producing R, and B light sequentially. The R, G, and 
B sequential light is then collected by a lens 16 to be irradiated on one- of the 
end faces of the light guide. 9. The R, G, and B light is then transmitted through 
to the other end of the light guide 9 on a scope distal portion 17 side, further 
through an illumination lens 18, to exit toward the object side. 

Light reflected from the object forms an image on a CCD 21 as a solid-state imaging 
device, which is disposed on a focal jolane of an objective lens 19, through the 
objective lens 19 mounted in the scope distal portion 17. The CCD 21 photo- 
electrically converts and accumulates this object image as charges. 

The charges in the above-described CCD 21 are read out upon application of a 
CCD drive signal produced by a CCD driver 22 in the video processor 5. The signals 
thus read out are current amplified by a buffer amplifier 23 and transmitted to a 
preprocessing circuit 25 in the video processor 5 via a transmission cable 24 
introduced through a cord extended out from the scc^e 2, more specif ically, ..out from 
the insertion section 7 and operation section 8. 

In this preprocessing circuit 25, a base-band signal is extracted from a signal 
produced from the CCD 21 in synchronous with a CCD drive signal horizontal transfer 
clock. The extracted signal is siabjected to gamma correction by a gamma circuit 
(not-shown) in the- preprocessing circuit 25t-. The-garama-correefeed signais-are-then^ 
converted to digital signals by an analog to digital converter (A/D converter) 26. 
In response to a control signal from the control section 28, the digital signals 
are sequentially wyittqn in R, G, and B memories 27R, 27G, and 27B, respectively, 
for synchronizations. 

For instance, signals produced by the CCD 21 under red ill\mination light passed 
through the red color transmission filter 15R are written in the R memory 27R. 

The signals teitporarily written in these memories 27R, 27G, and 27B are 
simultaneously read out to be synchronized digital R, G, and B signals, respectively, 
the digital R, G, and B signals are then converted to standard analog R, G, and B 
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signals, respectively by digital to analog converters (D/A converters) 29R, 29G, 
.and 29B, respectively. The analog R, and B signals are then applied to enhancement 
circuits 31R, 31G, and 31B for inqprovement of visual sharpness. After edge 
enhancement by the enhancement circuits, the signals are trainsmitted via- buffer 
airplifiers 32R, 32G, and 32B, respectively to a color monitor 6 for color 
representation of the object image. 

The control section 28 receives synchronizing signals from a synchronizing 
signal generator 33 for timing control of the analog to digital conversion by the 
A/D converter 26, the read/write operation by the memories 27R, 27G and 27B, the 
digital to analog conversion by the D/A converter 29R, 29G, and 29B, the. rotation 
of the motor 13, and the drive signal output froiii the CCD driver 22; 

In electronic endoscope systems including • the prior art shown in FIG. 15, the 
electronic scope 2 is typically inserted into, a body cavity to diagnose and treat 
various sites therein using surgical instruments or other desired means . • The 
diameter of its distal end and the length of its rigid section* are required to be 
smaller and shorter in order to fully show their .abilities. . Thus the size of a 
solid-state imaging device to be used is limited, which in turn limits the .nvariber 
of pixels of the solid-state imaging device. In addition, for better display of 
patient data and other required information, the object image formed by thia 
solid-state imaging device is not shown on the entire screen of the observation 
monitor. The size of the image displayed is reduced to about one-half of - that of 
the image normally displayed in the prior art, as shown in FIG. 16. In this drawing, 
the above-mentioned patient data and other information are simultaneously presented 
-on the left side of the screen. 

In this prior art^ a so-called field-sequential color television system is used 
in which a black-and-white (monochrome) solid-state imaging device (specifically 
the CCD 21) is used to be exposed to irradiation of the primary colors* in a- red, 
green and blue, sequence, so that it is desired to increase the quantity of 
illumination light by the frame per field by making the period of illumination longer, 
in order to secure a distance range in which a user is allowed to view the object 
under a suitable brightness. Thus, the signals aire read out from the CCD 21 at* high 
speed to shorten the period of readout, while the -signals- tenporarily written in 
and read out of the R, G, and B memories 27R, 27G, and 27B for synchronization at 
■a-standard- video- si-gnal -speed. ■ — ..- 

FIG. 17 shows a transmissio.n system of the output signals of the CCD. 2 in the 
scope 2 shown in FIG. 15. 

• * The distance of transmission cable 24 from the scope distal end portion 17 to 
the video processor (system body) is typically about 2 m to about 3 m. To achieve 
the transnd-ssion therebetween while preventing deterioration in the characteristics 
as little as possible, a coaxial cable 24 is used. To drive the coaxial cable 24 
required is the buffer amplifier 23 provided closely adjacent to the CCD 21, which 
coiiprises an emitter follower connected transistor 34 and an emitter resistor Rl. 
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The CCD 21 has a signal output terminal connected to a base of the transistor 
34 . A power supply terminal of the CCD 21 and a collector of the transistor 34 are 
connected via a power supply line 35 to a power sv^ly terminal +Vcc of a power supply 
circuit (not shown) . 

The above-mentioned coaxial cable 24 typically has a characteristic inpedance 
of about 50 ohm to about 75 ohm. Resistance R between the emitter and one end of 
the coaxial cable 24 and resistance R between the other end of the coaxial cable 
24 on the video processor 5 side and a ground are matching resistance - 

It is required to provide electric ciarrent of several to several tens of 
milliairperes to the transistor 43 comprising the buffer anplifier 23, in order to 
transmit via the 50 ohm to 75 ohm cable 24 the output signal of the CCD 21 which 
characteristically has a bandwidth of several MHz. The power consunption due to 
this electric current is the sum of consunption by the transistor 34 and.the emitter 
resistance Rl, that is: 
P = Ic X Vce + le X Rl 

(Wherein Ic is the current flowing in the collector of the transistor 34; Vce is 
the voltage between the collector and the emitter; and le is emitter current of the 
transistor - ) Heat thus generated causes the terrperature rise in the CCD 21 disposed 
closely adjacent to the transistor 34 and emitter resistance Rl. 
[Problems to be solved by the Invention] 

The prior art has some disadvantages over the present invention. To be more 
specific, with increase in tenperatirre, dark current is normally increased in the 
solid-sate imaging device such as CCD 21, resiilting in deterioration in the quality 
of image. The operation guaranteed, tenperature is about 55 degrees C or so, as 
absolute maximum rating. Especially when there are used a plurality of horizontal 
transfer solid-state imaging devices having a greater number of pixels, a plurality 
of the above-described bixffer aitplifier 23 circuits are required. This may result 
in .siirpassing the upper tenperature limit range of the absolute maximum rating - 
In the prior art system, as described above, a greater, amount of heat generation 
by the buffer anplifier 23 for driving the transmission cable 24 may lead to serious 
damages to the system: deterioration in the quality of image due to the increase 
in dark current; and shorter life due to surpassing the iipper tenperature limit range 

-of -the- absolute -maximura^ -rating i -- . . ~ 

With special attention to these problems, the present invention is made to provide 
a low power imaging apparatus which secures the characteristics relative to 
transmitted signals and which reduces the amount of heat by a buffer means of a 
solid-sate imaging device. 

[Means for Solving the Problems and Effects] 

According to the present invention, in an imaging apparatus including a 
solid-state imaging device, a biaffer means in the vicinity of the imaging device, 
and a signal transmission cable for transmitting signals after ciarrent ^nplif ication 
by the buffer means to the side of a signal processing means, there is provided a 



- 9 - 



power consvnrption reduction means for reducing ^he power consijnptidn of the 
aforementioned buffer means during a period of non-readout wherein no signal readout 
from the solid-state imaging device takes place, whereby the power consumption by 
the buffer means is reduced so as to prevent temperature rise in the solid-state 
imaging device and to decrease the dark current. 
[Embodiments ] 

Detailed description of the present invention will be now made, referring to 
the drawings in i^ich: 

FIGS. 1 through 5 are related to a first embodiment of the present invention, 
- in which: 

FIG. 1 shows a main area of a signal transmission system of the first eiribodiment; 

FIG. 2 shows a general configuration of the first embodiment; 

FIG. 3 is a schematic representation of an internal configvuration of - a CCD; 

FIG. 4 shows an example configuration of a switch circuit; and 

FIG. 5 is to explain the operation of the first enibodiment. 

Referring also to the exanple prior art in FIG. 15, an electronic endoscope system 
41 as an imaging apparatus of the first embodiment, as shown in FIG. 2, has the buffer 
anplifier 23 with its power supply terminal connected via a power supply line 42 
extended through the scope 2 to one end of a switch circuit 43 provided in the video 
processor 2. The other end of the switch. circuit 43 is connected to the power supply 
terminal Vcc of a power supply circuit (not shown) . The switch 43 is tinmed on/off 
for instance by a switching control signal from the control- section 28. 

. In this' embodiment, a CCD 44 is used in place of the CCD 21 shown in:FIG...15. 
FIG.; -3. schematically shows an internal configuration of the. CCD 44. 

Us described in the prior art section herein, a solid-state imaging device for 
forming an image (CCD 44 in this enibodiment) is requdLred to be housed in the thin 
and short scope distal end portion 17- The CCD 44 shown in FIG. 3 is used in this 
embodiment in terms of its smaller, size. and. other advantages.- 

The CCD 44 consists of. a single layer structixre of electrodes due to its virtual 
phase structure. In addition, it is made using a unique technique without the 
necessity of an overflow drain (OFD) for blooming protection. In this manner, this 
CCD 44 is smallest in the currently realized image sensors. Furthermore, it has 
-an-advant age- in- that-the-increase-in-dar k -currenfe due-to - 1 CTperattire- rise-is -smaller - - 
compared to other type of CCDs. 

In FIG. 3, an image area has the capability of photoelectric conversion and charge 
accumulation and the one of parallel transfer, so that each group of pixels in one 
line in a horizontal (lateral) direction is transferred in a vertical direction upon 
application of a parallel transfer clock, phi p, and charges corresponding to pixels 
in the lowest one line are transferred to a serial register. The charges transferred 
by the serial register are converted pixel by pixel to voltage signals by a charge 
detection circuit 50 upon application of a serial transfer clock, phi s. The voltage 
signals are sequentially transmitted out from a signal output terminal to the base 

— 10 - . 



of the transistor 34 coirprising the buffer air$>lifier 23. 

It is noted that the image area is provided with a shaded dark reference area 
for providing a black level reference value. 

It is also noted that in the image area, blocaning is prevented by an anti-blooming 
signal, phi ABG. 

The parallel transfer clock, phi p, is also applied to a gate for transferring 
the remaining charges in the serial register to a durrp drain. 

The charge detector circuit 50 of the aforementioned CCD- 44 is provided with 
a power supply terminal connected to the power supply line 35 to which supply voltage 
+Vcc is applied, and with a substrate connected to a groimd. 

FIG. 1 shows a configiaration of a signal transmission system for transmitting 
signals produced by the CCD 44 in the first embodiment to the video processor 5 side. 
(FIG. 3 shows a sending end side of the first embodiment.) 

In the transmission system shown in FIG.l, the CCD 44 is used in place of the 
CCD 21 in the transmission system shown in FIG. 11, with the collector of the * 
transistor 34 being connected to the power supply terminal Vcc via the switch circuit 
43. 

The aforementioned switch circuit 43 can be coirqprised of for instance a bipolar 
transistor 51 and a resistor 52 shown in FIG. 4 (a) . /atematively, it canbe comprised 
of a field effect transistor (FET) 53 shown in FIG. 4(b). 

The transistor 51 has a collector connected to the power supply terminal Vcc, 
an emitter connected via the power supply line 42 to the collector of the transistor 
34 conprising the buffer amplifier (23), and a base connected via the resistor 52 
to the control section 28. The control section 28 transmits a control signal (shown 
in FIG. 5 (d) ) in synchronous with the period of signal readout (shown in FIG. 5 (c) ) . 
In response to the control signal, the transistor 51 is turned on or off to start 
or stop power supply to the buffer amplifier 23 (more specifically, the transistor 
34 in the buffer aitplifier 23), respectively. 

To be more specific, the transistor 51 is turned on during the periods of signal 
readout so as to allow supply power to the transistor 34, so that the buffer aitplif ier 
23 is capable 6t functioning (the function of current amplification in a manner that 
signals are allowed for transmission via the coaxial cable 24 to a receiving end 
-side )-^ -The - transistor- 51 is-turned-off during^-periods-other-than-the-periods of 
signal readout (referred as the periods of non-readout), so that power supply is 
stopped. During the periods of non-readout, no electric current flows between the 
collector and emitter in the transistor 34, so that the power consumption by the 
buffer amplifier 23 becomes substantially zero. 

When the switch circuit 43 is made using the FET 53 shown in FIG. 4 (b) , an n-channel 
ehhancement-mode MOS FET for instance has a drain connected to the power supply 
terminal Vcc, a source connected via the power supply line 42 to the bvif f er amplifier 
23, and a gate connected to the control section 28, of which control signal causes 
the source and the drain to be connected/disconnected. A Junction FET can be used 
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for the input/output of the control signal. 

Other conponents are similar to those in the exanple prior art shown in FIG. 
15 . In the drawings, the like coirponents are denoted by the same reference numerals . 

Effects! of the first embodiinent will be now discussed. 

In the first embodiment, which is the field-sequential electronic endoscope 
system 41, the control color filter 13 is rotated by the motor 13 in synchronous 
with the vertical synchronizing signal, as shown in FIG- 15(a), so that the object 
to be imaged is sequentially illuminated by the R, G, and B color light passed through 
the color transmission filters 15R, 15G, and 15B, respectively^ and thereby charges 
of the coznponent images under the respective color light are accuimilated in the CCD 
44- This is represented by R exposure, G exposure, and B exposure in FIG. 5 (b) . 
Each .shade period wherein the color transmission filters 15R, 15G, and 15B are not 
interposed in the illumination light path, falls on each signal readout period wherein 
charges accumulated in the CCD44 are read out, as shown in FIG- 5(c) . The charges 
are read out from the CCD 44 in response to the drive signal from the CCD driver 
22. . 

FIG. 5 shows when the number of the exposure periods is substantially equal to 
that of the signal readout periods, that is, each of the total of the exposure periods 
and the total of the signal readout periods occupies substantially 50 percentages 
of the entire periods wherein both periods are conibined. 

Synchronized with the above-described signal readout period, the control section 
28 applies the control signal shown in FIG. 5(d) to the switch circuit 43 to turn 
it on only diaring the signal readout periods, which in turn causes power to be supplied 
to the buffer anplif ier 23 . The signal read out from the CCD 33 is current aitplif ied 
by the buffer amplifier 23 for conversion to low inpedance, then- transmitted via 
the coa&ial cable 24 to the preprocessing circuit 25; which is connected to the 
receiving end. The signal thus traiismitted is processed by the signal processing 
section 4 for conversion to a standard video signal, which ±s transmitted to the 
. color monitor 6 .for color representation of the object image. 

•When the signal readout- period is changed to the exposure period (or signal 
non-readout period), the switch circuit is turned off, so that power supply to the 
buffer amplifier 23 is stopped. As a result, the power consumption in the buffer 
— am^li-f i-er-23-becemes-substanfe±aily-.zsr<>i.in-thi«-.period.-^^ . 
signal readout period is almost equal to that of the signal non-readout period, the 
power cohsunptipn in the buffer anplif ier 23 is reduced to approximately one-half 
-Of that in the buffer means in the exanple prior art and the calorific value is 
decreased to almost one-half as in the .power consunption. 

Since the calorific value in the buff er anplif ier 23 is significantly reduced, 
tenperature rise due to heated CCD 44 is effectively prevented especially when the 
buffer anplifier 23 and the CCD 44 are closely disposed in. a small space. 

According to the first embodiment, therefore, increase in the dark current in 
the CCD 44 is prevented. Also prevented is deterioration in the video signal. As 
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a result^ the system produces an image with an enhanced signal-to-noise ratio. 
Furthermore, since the teirperature rise is deterred, the CCD 44 is kept from being 
heated to be higher than the maximum rating, so that the CCD 44 is precluded from 
heat damage and from shortening of its life. 

Stopping of the power supply to the buffer airplifier 23 causes no trouble in 
the signal non-readout periods, since there is no need for signal transfer. It should 
be noted, however, that when the signal non-readout period is switched to the signal 
.'readout period, or vice visa, for instance, transient mSty occur in the power voltage 
supplied to the^btiffer anplifier 23, resulting in 9pike-like noise in transmitted 
signals. In- such a case, the control signal should- be activated a little before 
the signal readout period starts, and when the signal readout period is conpleted, 
it should be kept activated . until a little time has passed. In this manner, signal 
acquisition is not carried out even when the spike-like noise is generated in the 
. transmission system, thus causing no troioble. 

Alternatively, the switch circuit 43 may be provided at its loading side terminal 
with an integration circuit 55 conprising a resistor 55a and a capacitor 55b for 
preventing generation of the spike-like noise, as shown in FIG. 6. In this case, 
the control signal in FIG. 5 (d' ) may be used for the switch circuit 43, or 
alternatively, the rise time may be set at a position as in FIG. 5 (d' ) and the fall 
time be matched with the one in FIG. 5(d) . 

FIG. 7 shows an. imaging system and a buffer means in a second embodiment of the 
present invention. 

In the second embodiment, CCD 61 shown in the FIG. 7 is used in place- of the 
CCD .44 in the first embodiment shown din FIG. 2, and a buffer anplifier 62 suitable 
to the CCD 61 is used. 

The CCD 61 -shown in FIG*. 7 is a CCD of the same virtual phase structure as the 
CCD 44 (shown in. FiG.3) and having much more pixels. In general, tiie time for 
illuminating the object in the body cavity is determined by the time for readout 
from the CCD in the field-sequential electronic endoscope system. The readout time 
directly affects the brightness of the system. The CCD 61 of the present embodiment 
is provided with- two serial resistors comprising first- and second serial resistors 
in order to shortening the readout time even though the CCD 61 has a greater nvsriber 
of pixels. 

. ^ : The-odd-and- even-pixels— in-each- line- -in-the~image- area ~are-t ransf erred-to-the- - 

first and second serial resisters, and then sequentially serial- transferred by serial 
transfer clocks phi sA and phi sB, via charge detector circuits 50A and SOB, through 
signal output terminals OUTA and OUTB, to first and second bvtffer anplifiers 12A 
and 12B, respectively. 

The aforementioned first and second buffer axiplifiers 12A and 12B have the same 
circuit configvuration. The buffer amplifier 62 is made by two sets of the buffer 
anplifier 23 circuits of the first embodiment. 

The collectors of the transistors 34A and 34B conprising the first and second 
buffer amplifiers 12A and 12B, respectively^ are connected, and then connected via 



the p>ower st^pply line 42 to . one end of the switch circuit 43 in the video processor 
5. The other end of the switch circuit 43 is connected to the power supply terminal 
Vcc, 

The switch circuit 43 is turned on/off in response to the control signal fxom 
the control section 28 as in the first embodiment - 

In the second embodiment, due to the use of the two serial registers, the readout 
time is reduced to one-half of the readout time when one serial register is used, 
the illumination period (exposure period) being thereby made longer, resialting in 
production of a brighter image with an enhanced' signal-to-noise ratio. 

Since the two serial registers are provided, the first and second buffer 
airplif iers 23A and 23B are required- Accordingly, the power consumption or calorific 
value, by the two buffer amplifiers 23A and 23B becomes twice that pf one buffer 
amplifier. 

In this ezhbodiment, the respective collectors of the transistors 34A and 34B 
comprising the first and second buffer anplifiers 12A and 12B, respectively, are 
connected via the switch circuit 43 to the power supply terminal Vcc. The switch 
circuit 43 is turned on at least during the signal readout periods for power supply, 
while it is turned off during the non-readout periods to stop power supply, thereby 
reducing the calorific value. 

The signals amplified by the aforementioned respective buffer amplifiers 23A 
and 23B are app3JLed via the respective coaxial cables 24A and 24B to the signal 
processing section in the video processor 5- 

The signal processing section of this embodiment has for instance two 
preprocessing circuits (not shown) • Each preprocessing circuit produces a base-band 
signal. The signals from both circuits are added after sample and hold, wherein 
the sanple-and-hold timing is shifted by the half of a pixel to generate a pixel 
signal for one line, which is temporarily written in each of the memories 27R, 27G, 
and 27B through the A/D converter 26 shown in FIG. 2. 

—The rest- of the- components are configured in the same manner as in the first 
^Qiibodiment. 

Accordinig to the second embodiment, the temperature rise due to increase in 
calorific value and the increase in dark current, which is especially remarkable 
when the CCD has much more pixels, is conveniently prevented. 

The* switch-circuit- 4-3 -inrthe-f ±rst-and seeond-end3odiments -is-nol^lrinuLte ♦ 
one shown in FIG. 4, but a general-use IC analog switch can be used. If voltage 
drop by resistance with the switch circuit 43 turned on causes some troi±>le, a. 
mechanical relay having electric contacts may be used. 

FIG. 8 shows an electronic endoscope system of a third embodiment of the present 
invention. 

The third embodiment comprises a simultaneous electronic endoscope 2' having 
a CCD 73 therein with a mosaic filter 72 attached thereto; a video processor 5' 
comprising a light source section 3' for emitting white light and a simultaneous signal 
.processing section 4'; and a color monitor 6. 



- 14 - 



The aforementioned light source section 3' provides white light of the light 
source lamp 11 to the light guide 9 through a condenser lens 16. The object 
illuminated by the white light transmitted by the light guide 9 is iniaged by the 
CX:d 73 through the objective lens 19. This optical image is passed through a color 
separation filter for optical, color separation. 

In this manner, the drive signal from the CCD driver 22 causes signal readout 
^^rom the CCD 73. This signal is applied via the buffer amplifier 23 and the coaxial 
..cable 24 to a brightness signal generation circuit 74 and a color signal generation 
circuit 75 to generate a brightness signal Y and color difference signals R-Y and 
. B-Y, respectively. The brightness signal Y is added to a character signal from a 
character signal generation circuit 77 by amixer 76. The resulting signal is applied 
to an encoder 78, together with the color difference signals R-Y and B-Y and the 
synchronizing signal, to be converted to a composite video signal, which in turn 
is applied to the color iDonitor 6. 

In this embodiment, the lamp 11 is normally turned on, so that the object is 
hoimally illuminated through the light guide 9. Therefore, the CCD 73 used in this 
embodiment is an interline transfer CCD provided with a vertical transfer register 
in its image area. The CCD 73 is also a type that allows vertical transfer by the 
field. 

In the third entoodiment, as shown in ETG. 9 (a) , an endoscope image 81 is displayed 
in the center of the right side of the monitor screen . Patient data and other desired 
information can be displayed on the left side or any other appropriate area of the 
screen, via the character signal generation circuit 77. 

As in the case of the first embodiment, the switch circuit 43 controls the power 
supply to the buffer amplifier 23 that amplifies the CCD 73 output signal. 

in this embodiment, the CCD 73 is normally exposed to the radiation as shown 
in FIG. 10 (b) . 

Meanwhile, synchronized with a vertical synchronizing signal shown in FIG. 10 (a) , 
-a. drive, signal for. signal, readout for one. field, is .applied- to the CCD 73 at time 
Tl when the endoscope image 81 (in FIG. 9 (a) ) is displayed. The time Tl approximately 
corresponds to Tl in FIG. 9(b) . Output of the drive signal is stopped at time T2 
when the display of the endoscope image 81 is completed. The signal readout period 
shown in FIG. 10 (c) is from Tl to T2. Synchronized with the signal readout period, 
the-controlsignal^s-teansmitteci^s..shovmin-FI<5.-a<)<.d)-to-cause-power-to 
to tlie buffer amplifier 23. The resultant output signal of the CCD 73 is amplified 
and then transmitted to the receiving end side via the coaxial cable 24. 

During the non-readout period wherein the aforementioned signal readout does 
not tajce place, the control section stops transmitting the control signal to the 
buffer aiiplif i^ 23, thereby no power supplied to the buffer anplif ier . Accordingly, 
its power consunption becomes nearly zero in this period. 

Even in the aforementioned non-readout period, signals related to information 
such as patient data are transmitted for display on the monitor screen as shown in 
PIG. 9. 
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The third embodiment yields nearly the same effects as the first embodiment. 

As discussed in the section herein describing about the first enibodiment, if 
. trpon transmission of the control signal in synchronous vith the signal readout period, 
the spike-like noise occurs in the transmitted signal, it can be suppressed as shown 
in FIG. 10 (d'). 

The monitor displays the* endoscope image 81 on its right side in the horizontal 
direction, as can be seen in FIG. 9(a) . In other words, the CCD 73 transmits the 
:^deo signals corresponding to the endoscope image 81 dinring the latter half of each 
horizontal retrace period, but not during the first half of the period. 

Accordingly, the control signal can be transmitted only during the readout period 
(from.tl to t2) as shown in FIG. 9(d) wherein the video signals corresponding to 
the endoscope image 81 are allowed to be actually transmitted out .from the CCD 73, 
even- during -the period for transmitting the control signal shown in FIG. 10(d). 

If the video signal is adversely affected by the spike-like noise with the control 
signal outptit in synchronous with the signal readout period, the control signal output 
period may be extended as described above, or alternatively a control signal that 
rises and falls more slowly as shoim in FIG. 9(d') may be transmitted to suppress 
the spike-like noise. 

FIG- 11 shows a main area of a fourth embodiment of the present invention. 

Each of the above-described embodiments requires the power siapply lines 35 and 
42 for the CCD (44, 61, 73) and the buff er amplifier (23, 62), and these power supply 
lines '35 and 42 need to be inserted through the scope. The emitter resistance Rl 
of the buffer amplifier (23, 62) is provided near the CCD (44, 61, 73), thereby 
. producing the power consumption . le x Rl by the Rl . 

These two problems are solved by the fourth enibodiment. 

' For example, the einitter resistance Rl in the first embodiment is disposed to 
the receiving end side in. the video processor 5 (the resistance is now referred as 
. Rl' ) in order to prevent the . heat resulting from the power consiarption in the 
resistance Rl' from affecting the CCD 44. The resistance Rl is provided in series 
with the switch circuit 43 in order to remove the power supply -line 42 in the first 
embodiment . 

To be more- specif ically, the receiving end of the coaxial cable 24 is grounded 
via the serial circuit consisting of the switch circuit. 43 and the emitter resistance 
— Rl-'- -5 — Hie-conneG^on-^ ±^ts-of- •tiie-swi^tGh-Gircui-t-4 3 and- the-emitt ear- resls tance-^-^ - 
is connected via a direct current prevention capacitor CI to the input terminal of 
the preprocessing circuit 25. 

Meanwhile, the collector of the transistor 34 comprising the buffer amplifier 
. 23 is connected to the power supply line 35 . 

The rest of the conponents are configvured in the same manner as in the first 
• embodiment. 

According to the configuration of the fourth embodiment, the CCD 44 output signal 
is converted to low iitpedance by the transistor 34 comprising the buffer anplif ier 
23 during the signal readout period. It is then transmitted via the coaxial cable 
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24 and the switch circuit 43 to a passive element consisting of the resistance Rl, 
the capacitor CI, and a resistance R. The Rl' , which corresponds to the emitter 
resistance Rl in the first exnbodiment, is to flow direct bias current for linear 
operation of the buffer anplifier. 

The capacitor CI in series with this resistance Rl and the resistance R, on 
the other hand, are to serve as an alternating element, that is, a terminal resistance 
(terminal element) for receiving the CCD 44 output signal. 

In this embodiment,, the power supply to the bxxff er amplifier 23 is substantially 
controlled by turning on/off the. switch circuit 43 provided on the receiving end 
of the coaxial cable 24 whic^ is used not only for signal transmission but also for 
a bias current flowing path on the video processor 5 side, so as to require only 
one power supply line 35. Thus, with the switch 43 turned on, the buffer anplifier 
performs its original function; with the switch 43 turned off, the power supply to 
the buffer amplifier is substantially stopped. 

Accordingly, the fourth en±>odiment has the effect of iixproving the above- 
described two problems, in addition to the effects of the first embodiment. 

It is apparent that the f oixrth embodiment is also applied to the other embodiments, 
although it has been applied to the first embodiment. 

FIG. 12 shows a main area of a fifth embodiment. 

To be much stricter, when the power siipply is controlled with respect to the 
signal readout period, the buffer aitplifier (23, 62) in the previously described 
embodiments may show transient behavior different from its normal operation upon 
turning on/off the switch, affecting, the signals read out from the CCD (44, 61, 73) . 

Referring also to the fourth embodiment shown in FIG. 11, the fifth embodiment 
is conf igiared in a manner that the switch 43 is disposed between the resister Rl' 
and a groiand with a resistance R2 positioned in parallel with the resister Rl' and 
the switch circuit 43, wherein the resister R2 has a larger resistance value than 
the resister Rl'.. 

• In this configuration, during the non-readout period, the switch circxiit 43 is 
turned off as shown in FIG. 12, the bias current flowing in the resistor R2 wherein 
Rl' < R2- 

During the signal readout, period, on the other hand, the switch circuit 42 is 
-turned- onT- the narmal bias-<aarrent -f lowing-via- t^e-para . 
resistance Rl' and R2 to suppress the transient upon turning on/off of the switch 
circuit 43. 

As obviously seen from the above-described operation, resistance Rl' in FIG. 
11 corresponds to the parallel conibined resistance of Rl' and R2 in FIG. 12- 

Instead of maJcing of such a configuration as shown in FIG. 12, the fourth 
embodiment shown in FIG. p.1 is modified in a manner that the on/off cpndition of 
the switch circuit 43 is continuously changed. 

The signal transmission may be achieved by using a fiber optic cable 91 as in 



a sixth enibodiinent shown in FIG- 13, although electric signals are transmitted in 
the previously described erhbodiznents . 

The CX:d 44 output signal is current ainplifiedby an electric current boost, circuit 
92 from which it is applied to a light emitting device, such as ah LED 93, for conversion 
from electric signals to light signals. The IiED 93 light signals are collected by 
a lens 94 to be applied to one end of a fiber optic cable 91. The light signals 
pass through the fiber cable 91 to its other end connected to the video processor 
. 5. .• The signals are collected by a lens 95 disposed in opposition to the other end 
of the cable 91 and received by si receiving optics, such as a phototransistor 96, 
for photoelectric conversion. The phototransistor 96 has a collector, connected to 
the power supply terminal Vcc, and has an emitter, one end of which is grounded via 
a resistance r, and the other end of which is connected, to the ixiput terminal of 
the preprocessing circuit 25. . . 

The power supply terminal of the electric, current boost circirLt. 92 is connected 
via the. power si:iH>ly line 42, as in the case of the first entoodiment, to the one 
end of the switch circuit 43 in the video processor 5. • 

The sixth embodiment has nearly the same effects as the first embodiment. 

FIG- 14 shows a modified embodiment of the sixth eiribodiment in which the switch 
circ\ait 43 is disposed on the scope side and is driven via for instance a N2VND gate 

98 by transmitting a switching signal using lines 97.a and 97b for the CCD 44 driving 
signal. 

The aforementioned signal lines 97a and 97b transmit for instance vertical and 
horizontal transfer clock signals. When driving the CCD 44, they are signal lines 
which- do not have the period when both signals are high.. .The- signal lines 97.a'and 
97b are connected via a selector switch 99 to the CCD driver 22 and the power supply 
terminal Vcc (via resistors rl arid r2) in the video processor 5. During the signal 
readout period, the control section transmits a control signal to cause the selector 
switch 99 to be switched over to the driver 22 side. Since neither of the signal 
lines -have-the . period wherein- the- signals are. at- the ^^m' level -in -this condition, 
the NftNDO gate 98 output is high, the switch circuit 43 held >^on" condition, the 
power thereby siapplied . .to the current boost circuit 92 . 

During the signal non-readout period, on the other hand, - -the selector switch 

99 is switched over to the power supply terminal side Vcc side. The NZVND gate 98 
butput then-becomes-low7-andHfche-switch-oi3?euife-4a-is-^^ 

power consimption in the cxurrent boost circuit 92 reaches nearly zero. 

According to the modified embodiment, the power sv^jply line 42 can be omitted. 

In each field-sequential color television system embodiment, the control signal 
for turning on/off the switch circuit 43 may be generated upon transnd.ssion of a 
sensor (not shown) for detecting the period of illiamination to the rotation color 
filter 14. . 

The above-described embodiments can be partially combined to make different 
embodiments . 

The present invention can also be applied to a fiber scope externally provided 
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with a television, camera which is mounted on an ocvilar portion of the fiberscope. 

When ^plied to any television camera provided with a buffer means, the present 
iixvention also offers an advantage in that the power consumption in the buffer means 
is reduced. 

The present invention can be applied not only to a line transfer device, such 
as the CCDs 44 and 61 of the first and the second embodiments, respec^vely, but 
also to interline transfer or frame transfer devices . Furthermore, its application 
is not limited to CCDs> but to other sdlid-state imaging devices such as BDD. 
[Effects- of the Invention] 

As described above, according to the present invention, there are provided a 
reduction means for reducing the power sijpplied to a buffer means provided in the 
vicinity of a solid-state imaging device by a means, such as turning on/of a switch, 
and a control means for controlling the reduction means, so that the power consunption 
in the buffer means is reduced during, the period wherein no signal readout from the 
solid-state imaging device takes place. In this manner, the temperature rise of 
the solid-state, imaging device is deterred, which in turn prevents adverse effects 
due to this temperature rise. 
4. Brief Description of the Drawings 

FIGS. 1 through 5 are related to the first enix)diment of the present invention: 
wherein PIG. 1 is a schematic block diagram of the signal transmission system of 
the first embodiment; FIG. 2 shows a general configuration of the first embodiment; 
FIG. 3 is a schematic representation of the internal configuration of the CCD; FIGS. 
4 (a) and (b) are circuit diagrams, each of which shows an example configuration of 
the switch circuit; and FIG. 5 is to explain the operation of the- first embodiment; 

FIG- 6 is a circuit diagram showing the area in the vicinity of the switch circuit 
in the modified embodiment of the first enbodiment; 

FIG. 7 is a block diagram showing the area in the vicinity of the imaging means 
in the second enibodiment of the present invention; 

. FIGS. 8 through 10 are related to the third -embodiment of the present invention: 
wherein FIG. 8 shows the entire configuration of the third embodiment; FIG. 9 is 
an explanatory drawing showing the monitor screen and so forth; and FIG. 10 is an 
e^lanatory drawing for. explaining the operation; 

FIG. 11 is a schematic block diagram of the signal transmission system of the 

fourth-embodiment- of -the- present-invention?- 

FIG. 12 is a circuit diagram showing the area in the vicinity of the receiving 
end of the signal transmission system t>f the fifth embpdiment of the present 
invention; 

FIG. 13 is a block diagram showing the signal transmission system area of the 
sixth embodiment of the present invention; 

FIG. 14 is a block diagram showing the main portion of the modified exanple of 
the sixth entoodiment; 

FIG. 15 shows the entire configuration of the exanple prior art; 

FIG, 16 is an explanatory drawing to show the example monitor display of the 
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